Maximum like-lihood (ML) 
Introduction
The multiple-input multiple-output (MIMO) technologies have attracted much attention in the study of the next generation wireless communication systems. A MIMO system can get a capacity gain by taking advantage of the spatial diversity and has a significant increase in the bandwidth efficiency [1] . But these favorable prospects are not realized for free. The complexity of the MIMO receiver affects the performance of the system, so how to compromise complexity of the receiver and performance of the system has became a hot issue [2] [3] .
Conventional MIMO data detection techniques are the ML detector, Minimum Mean Square Error (MMSE) detector, Zero-Forcing (ZF) detector, detector based on Successive Interference Cancellation (SIC), QR-decomposition detector and the Bell Labs layered space-time (BLAST) detector [4] [5] [6] [7] [8] . ML detector is the optimal detector, but with a high complexity. MMSE and ZF detectors are all linear detectors and have low complexity. Detector based on SIC, QR-decomposition detector and BLAST detector are all nonlinear detectors. Among these detectors, V-BLAST detector is the best detector.
However, it has to re-calculate the inverse of channel matrix H before each sentence which will involves an intensive computation. So it is difficult to implement as the increasing number of antenna.
In the past 30 years, Quantum computing [9] based on quantum circuits has caused more and more attention. It is a combination of quantum theory and information science, and it is different from traditional computing based on transistors. Quantum evolutionary-inspired algorithm [10] [11] is a hybrid evolutionary algorithm mixed by quantum computing and evolutionary computing. It adopts some concepts and theory of quantum computing to avoid the defaults of classical evolutionary algorithm. Grover's quantum search algorithm [12] is another algorithm based on the quantum computing. It can increase the probability amplitude of solutions while reducing the probability amplitude of non-solutions. By Grover's iterative process, the probability amplitude of solutions can reach maximum. So we can get the solutions after measurement. Grover's quantum search algorithm can be used to extract statistics, such as the minimal element, from an unordered data set, more quickly than is possible on a classical computer. Applying it in data detection for MIMO system seems to be able to compromise the performance and complexity. In this paper, we proposed a Grover's Quantum search based data detection algorithm for MIMO system which has lower complexity than ML detector.
The rest of this paper is organized as follows. Section 2 presents the system model. The general Grover's Quantum Search algorithm is presented in Section 3. In section 4, we present our GS based data detection algorithm in detail. We evaluate the performance of our joint algorithm in section 5. Section6 draws a conclusion about the whole article.
System Model
As is shown in Fig.1 , we define a basic structure of spread MIMO system. 
H is the channel response between the n-th transmit antenna and the m-th receive antenna corresponding to the K-th symbol. 
The general Grover's Quantum Search algorithm

A Brief introduction of quantum computing
Grover's quantum search algorithm is based on the quantum computing. A bit in traditional computing only can be expressed as one state (0 or 1). Different from the traditional computing, quantum computing uses quantum bit (qubit) instead of the bit. In quantum computing, the orthonormal basis 0 and 1 are taken to represent the classical bit values 0 and 1 respectively. A qubit can be presented in a linear superposition of 0 and 1 [9] 
In general,  and  are complex numbers, but together they must satisfy the requirement:
So if a quantum system have N qubits ( 0
are all the quantum states), the state of this quantum system can be presented as a superposition state: In quantum system, quantum register (qregister) is the quantum mechanical analogue of a classical processor register. An n-bit qregister can present the 2 n quantum states. Because of "quantum parallelism", any linear hermitian operator U (U is unitary matrix) operating on a qregister is equivalent to parallel processing for all 2 n quantum states.
Grover's Quantum Search algorithm
The Grover's Quantum Search algorithm is used to search solutions in an unsorted quantum database. The algorithm shown in Fig.2 
(2) Apply the "Oracle". Suppose that we wish to search through a search space of 2 n elements. Rather than search the elements directly, we concentrate on the index x to those elements, which is just a number in the range 0 to N-1.
if satisfy the conditions
The Oracle transforms the search problem in an unsorted quantum database into a decision problem. It is an operation that identifies the solution. It can be represented by a unitary operator O:
Where
In addition to  , R operation makes every basis state obtain  phase shift. The U operation can increase the probability amplitude of solutions while reduce the probability amplitude of non-solutions. (4) Performance the Grover iteration G=UO to make sure get a solution with a higher probability when taking measurement. 
Proposed GS based data detection algorithm
Where 1 2 3 = , , , ,
According to (9), we can see the ML data detection have a high complexity (2 ) N O when searching the optimal solution. In this paper, we propose a GS based data detection with a ( 2 ) N O complexity.
Databases preparation
First prepare a database with 2 N elements which are stored all the transmit database, than we can compute all the value of 
(2) Grover iteration. As is shown in 3.1.2, we selected two thresholds i
randomly, and then we can define the function ( )
We carry out the Grover iteration G=UO and it makes sure get a solution with a higher probability when taking measurement. It is obvious that the proposed algorithm have better BER performance than other data detection. In the case of N=4, our proposed algorithm have about 50% of the complexity of ML based data detection.
Conclusion
We propose a Grover's quantum search based data detection algorithm for MIMO system. Grover's quantum search algorithm is based on quantum computing, it transforms the search problem in an unsorted quantum database into a decision problem by defining the function ( ) f x with a double threshold. By Grover's iterative process, it can increase the probability amplitude of solutions while reducing the probability amplitude of non-solutions. We can get solutions with a high probability when taking measurement. Simulations results show that our proposed algorithm has good BER performance close to ML based data detection but with a lower complexity.
